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My invention relates to electronic oscillation 
generators, and in particulax, relstes o oscilla- 
tion generators Oî the cvity resonator micro- 
wave type. 
For many purposes, it is desirble fo be áble 
to cause an oscillation genertor fo .generate two 
different frequencies Similtaneously,, one of 
which is hot a haxmonic of the Other..As a 
particular example, I may ,men'tion sperhetero- 
dyne receivers for aircraît which are intended 
to receive signals both from a beacon ad a radar 
system, the frequencies of said systems being 
separated from each other by a relatlvely small 
fraction of the absolute frequency of eiher one 
or the other. 
At present, it is conventional fo employ .two 
separate local oscfllators for gentrating the fre- 
quencies which are to be heterodyned respec- 
ively, with the beacon carrier and the radar 
carrier to produce the intermediate frequency 
for the receiver. In such systems,-oscillation 
generators of the velocity.modulated type, such 
as the klystron, are frequently ,used for the local 
oscfllaters in the receiver. 
One object of my invention is, accordingly, fo 
provide an oscillation generater capable of gen- 
erating two different ,frequencies, particularly 
in the micro-wave bands. 
Another object of tuf invention is to .provide 
an electron tu.be oscillation .generater of the 
velocity-modulated type, whih ,an be operated 
fo generate, at will, either one of two frequencies, 
or both of said frequencies sirnultaneously. 
Stfll another object of my :invention is to 'pro- 
vide .a novel type .of velocity-modulted elec- 
tronic generator which -is capable of.simultane- 
ously generating two differenfrequencies which 
do hot bear harmonic relation to each other. 
Still another object oî my invention is to pro- 
vide an oscillation generator capable:0f simul- 
 taneously generating two requencies, the atio 
ofwhich may be changed af will. 
Yet another object of my invention is::to lro- 
vide an oscillation generaor of the klysiron.type 
with circuit arrangements which enab]es it to 
generate simultaneously, two different frequen- 
cies, neither of which is the harmonic of the 
other, and the ratio of which cn be aried af 
will over a substantial range. 
Other objects of the invention will become 
apparent upon reading the following descrip- 
tion taken in conne,tion with the accompany- 
ing drawing, in which thesingle figure is a»sche - 
mati, illustration oî one type of oscillation gen- 
erator embodying the principles of my inven- 
tion. 
leferring in detail, to the .:drawing, an elec- 
tronic generator of-the reflex Mystron 'type, in 
:many respects similar fo Figure 1 of c0pending 
::application, Serial No. 602865, V¢illiam 'E. 
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Good, entitled "Electrodes," 'filed July 2 1945, 
comprises a sealed glass envelope | having a 
re-entrant stem |.| af one end thereoî. 
The envelope, which is preferably evacuated, 
5 encloses an "electron gun" îor producing a rela- 
tively concentrated beam oî electr0ns. AS shown 
here, the "gun" includes a cathode _c0mprsing 
a heater 3 surrounded by an emitting member 
|4. Electrons emitted by this cathode are ac- 
10 celerated to a desired velocity by meant of an 
accelerating elecirode structure | having a 
small opening |$ in ifs end through which a 
concentrated ,beam oî electrons is projected 
through a grid or other form of opening ] in 
15 the walls oî a conducting resonator or chamber 
|.. On the opposite wall of the chamber | in 
line with the path of the electron beam pass- 
ing through the opening ? is positioned a second 
grid or other form of opening 9 through which 
2O the electrons of the beam may emerge from the 
chamber |$. A suitable voltage source 2  having 
its positive terminal .grounded supplies heating 
current to the heater .. A second voltage 
source 22 having its negative terminal grounded 
25 and connected to electrode | supplies current 
to a potentiometer 2} to ,a variable tap on which 
is connected the resonating chamber |. 
As is well known in the art, it is possible, by 
adjusting the oie,tri,al potential-af the open- 
3O ing | by means of the associated slider .on po- 
tentiometer 2, to give the electrons entering 
through opening | into chamber, | such a 
velocity that they wfll consume .in passing îrom 
the opening |] to the opening |9 one-half period 
35 oî the natural frequency oî electrical vibration 
of the resonant chamber |. When this-is done, 
those electrons which enter the opening | when 
the elecirical field of chamber $ bas such a 
direction as to accelerate them,-will leave the 
40 opening |3 one-half .a çycle luter when the elec- 
trical field at opening. 9 tends, likewise, to 
celerate them and will accordingly undergo a 
net increase of velocity in passing through 
chamber |. On the other hand, those-e!ec- 
45 irons entering through opening at a time 
when the electric field within the chamber 
is of such polarity as to retard them will like- 
wise emerge from the opening 9 .when the 
polarity of the electric field there is such .as to 
5O retard them. The electron siream is accord- 
ingly subdivided into alternate groups of higher 
velocity oie,irons and lower velocity electrons; 
and as these groups travel forward the elecirons 
will tend fo become segregated into "bunches"; 
55 in other words, the electron stream will bave 
successive portions in which the electron den- 
sity is high separatedby portions in which the 
eleciron density is low. 
It is likewise known in the art that by posi- 
,0 tioning an electrode.of proper .-potential at 
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suitable distance outside the opening I of the 
resonant chamber, the velocities of the electrons 
in the stream may be reversed; and the 
"bunches," or at least a substantial portion there- 
of, may be caused to re-enter the resonant 
chamber 18. By proportioning the distance of 
the reflector electrode so that electric field in 
the chamber 8 opposes this reversed velocity 
at the rime the bunches or concentrated portions 
of the electron streaïn thus pass in the reverse 
direction through the chamber , the electrical 
vibrations in the latter are reinforced. By suit- 
able arrangements too well known in the art to 
require description here, electrical energy may 
be withdrawn for use in external circuits at the 
frequency of the vibrations thus ïnaintained in 
the chamber 8. 
Aligned with the opening $ is such a reflector 
electrode 23 supported from the glass envelope 
by a suitable end leading wire which is con- 
nected to a variable 'tap on the resistor 2. The 
reflector electrode 23 is given such a potential 
that it repels the electron eïnerging through 
the opening !  and causes them to repass through 
the opening $ into the resonaut chamber 18, 
thereby reinforcing the electrical oscillations 
taking place in the later in accordance with the 
foregoing description. 
Issuing from one portion of the wall of the 
chamber 8 and passing with a vacuuïn-tight 
seal through the wall of the envelope 0, I pro- 
ide a concentric line-couplingo coïnprisirg a 
tubular ïneïnber 24 and a concentric core 2,5, 
the latter forming a coupling loop 2 in a ïnan- 
ner well known in the lnicro-wave art, with the 
resonant chamber 8. The concentric line leads 
to an external resonant cavity, eïnbodied in a 
wave-guide 27 having a tunable cavity resonator 
coïnprising apertured diaphragïns 28--25 eïn- 
bracing the projecting end of a thuïnb screw 3 
threaded ttu-ough the wall of the wave-guide 27. 
The core 25 projects into the interior of the 
wave-guide 2 at a point just outside the di- 
aphragm 28, and the wave-guide 2 is provided 
at the end adjacent its junction with the member 
24 with a displaceable tuning piston 32 of a type 
well known in the ïnicro-wave art. The cou- 
pling b etween the cavity resonators 8 and '28--2  
should be a rather tight one. 
The wave-guide 2 projects at the end adjacent 
the diaphragm 25 for a substantial distance, and 
the walls of said projecting portion are provided 
with a marcher, comprising three thuïnb scrçws 
, , and $5 of a type well known in the art. 
The wave-guide may then terïninate in an open 
end emitting e]ectroïnagnetic radiation into free 
space, or may supply power to any device desired. 
I bave round that when a spectruïn analyzer 
or other suitable frequency measuring device is 
set up outside the open end of the wave-guide 
2, and the frequency of the cavity resonator 
between diaphragïns 28 and 25 is varied by ad 
justing the thumb screw 3 , a point is reached 
in which waves of two different frequencies are 
eïnitted from the wave-guide 27 simultaneously. 
When the resonant frequency of the cavity be- 
tween diaphragms 28 and 25 is below the value 
at which such two frequencies appear, the 
klystron  is round to oscillate atone of these 
frequencies; and when the frequency of the 0 
cavity controlled by thumb screw $ is tuned 
slightly above the point in question, the klystron 
 wfll oscillate at the other of these frequencies, 
but over a certain range of adjustment of screw 
, the tube actually oscillates at both frequen-  
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cies. I have proved that these oscillations are 
actually simultaneous and not merely alternate 
and consecutive by energizing a crystal frequency 
mixer froïn the output of the wave-guide and 
 amplifying the output thereof. A distinct beat 
note corresponding to the difference between the 
two frequencies is produced, and this would ob- 
viously be iïnpossible if the two frequencies were 
hot being generated simultaneously. 
]o The difference between the two frequencies I 
bave round tobe a function of the  of the reso- 
riant cavity between the diaphragïns 28 and 
In one experiment of the arrangement above 
described, I employed a so-called Shephard kly- 
]. stron oscillator operating ata frequency around 
10,000 megacycles per second, and coupled to a 
wave guide in the conventional manner. With 
this arrangeïnent, the two frequencies produced 
in the output of the wave guide were respective- 
.0 ly 9810 and 9885 megacycles. 
In view of the fact that the frequency differ- 
ence existing in the wave-guide depends upon the 
 of the cavity 20--25, itis possible to vary this 
frequency difference by providing the cavity 
25 28--2 with a projecting slug IA of some ïna- 
terial such as steel, in which the electromagnetic 
fleld existing in the cavity produces substantial 
energy losses, and arranging the system so that 
the distance of projection of the slug into the 
30 cavity 2825 can be varied at will. 
While I bave described a speciflc eïnbodiment 
of ïny invention in which itis applied to reflex 
klystron oscillators, it will be recognized that 
is applicable to other siïnilar types of oscillators 
85 such as two cavity klystrons, frequency multi- 
plying klystrons, ïnonotrons, and the like. Itis, 
accordingly, within the purview of my inven- 
tion to apply a coupling between a variable ancil- 
lary cavity resonator and the resonating cavity 
40 of any type of oscillation generator employing 
the vibration of such cavities to aid its oscilla- 
tion. 
I claim as ïny invention: 
1. In combination with a klystron oscillation 
 generator a wave-guide having a tight coupling 
to a cavity resonator of said klystron generator, 
an ancillary cavity resonator connected to said 
wave»guide and provided with means for adjust- 
ing its tuning, said ancillary cavity resonator 
50 ing provided with ïneans for variably inserting 
into its interior an energy abs0rbing device. 
2. In combination, an oscillation generator of 
the cavity resonator type, a conductor for high 
55 frequency oscillations tightly coupled fo said 
generator, an ancillary cavity resonator con- 
nected fo said conductor and provided with 
means for adjusting its tuning, and means for ab- 
sorbing energy inserted into the interior of said 
0 ancillary cavity resonator. 
JESS I. MARCU1VI. 
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